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FOREWORD 
This report is a summery report  of the researches performed under 
NASA Grant NsG339 for the  period 31 January 1966 t o  15 September 1966 on 
the syn thes i s  of h e a t - r e s i s t a n t  polymers. The t echnica l  aspec t  of t h i s  
gran t  is administered by Mr. Bernard Achhamwr, Off ice  of Advanced Research 
and Technology, NASA Headquarters, Washington, D. C. 20546. 
The research under t h i s  grant is being conducted i n  the  Department 
of Chemistry, Universi ty  of Notre Dame, Notre Dame, Indiana 46556, under 
the  technica l  d i r e c t i o n  of Professor G. F. D'Alelio, p r inc ipa l  i nves t iga to r .  
This  r epor t  covers s tud ie s  performed by G .  F .  D'Alello, Richard 
Schoenig and Thomas Huemer. The technica l  eos i s t ance  of R. Raghunath, 
P. R. Johnson and D. R. Reo fo r  the per iod of June 15, 1966 t o  September 15, 
1966 is acknowledged. 
Date September 30, 196.6 
Signed _, J,FJ$&&> \ 
G.  F. D'Alelio 
P r inc ipa l  Inves t iga to r  
ABSTRACT 
Black polymeric Schiff  bases ,  which pass through a f u s i b l e  s tage ,  
have been prepared d i r e c t l y  by r eac t ing  aryldiamines and a r y l -  
dialdehydes i n  benzalani l ine o r  i n  a mixture of a n i l i n e  and benz- 
aldehyde. The four isomeric polymers, the  meta-meta-, t he  meta- 
para-,  the  para-meta- and the para-para-xylylidenephenylenediarnine 
polymers have been prepared by these d i r e c t  methods from the  
appropr ia te  p a i r s  of meta- and para-phenylenediamines and 
phenylenedialdehydes. 
polymers compare very favorably with those of t he  polymers pre-  
pared by the  bis-Schiff  base exchange method. 
The thermogravimetrlc analyses  of these  
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EXPLORATORY STUDIES ON THE DIRECT SYNTHESIS OF POLYMERIC SCHIFF BASES 
I. Introduct ion.  
It was shown i n  previous t h a t  black,  f u s i b l e  polymeric Schi f f  
bases could be prepared by a var ie ty  of methods from various reagents.  
these ,  the  b is -Schi f f  base exchange method was shown t o  be r a the r  s a t i s f a c t o r y .  
The bis-Schiff  base exchange reac t ion  can be expressed a s  
Of 
n ArN=HCAr'CH=NAr + n ArCH=NAr'N=HCAr 
(1) (11) 
ArN-CAr 'CH=NAr ' N e C A r  + (211-1) ArCH=NAr 
(111) ( I V )  
Three s t e p s  a r e  involved i n  t h i s  method, namely, 
(1) The preparat ion of monomer (I) from a dialdehyde and a monoamine, 
(2) The preparat ion of monomer (11) from a diamine and a monoaldehyde, and 
(3) The r eac t ion  of monomer ( I )  with monomer (11) t o  e l imina te  the  
benza lan i l ine  ( I V )  with the formation of the polymer (111). 
Exploratory s tud ie s  were undertaken i n  a t tempts  t o  s implify t h i s  m u l t i -  
s t e p  synthes is  of the poly-Schiff bases by the d i r e c t  syntheses from the  d i -  
aldehydes, Ar'(CH0)2, and the diamines, Ar'(NH2)Z. It had been s h o d o 3  t h a t  
when the dialdehydee and diamines were reac ted  i n  s o l u t i o n  i n  a l a r g e  v a r i e t y  
of so lven t s  under var ious conditions , including the azeot ropic  d i s t i l l a t i o n  
method, only inso luble ,  i n fus ib l e ,  br ick-dust  polymers were obtained. Bowever, 
b l ack  polymers could be obtained by melt ing the r e a c t a n t s  toge ther  i n  the  
absence of so lvent  bu t  under these condi t ions the  r eac t ion  is very d i f f i c u l t  
t o  cont ro l .  
1 
1 
4 
1 -5 
In  a number of  exchange reac t ions  it has been observed t h e t  when 
mete-phenylenediamine or dibenzylidene-m-phenylenediamine was used as one of 
the  reagents ,  the  f luid-melt  condi t ion during polymerization p e r s i s t e d  f o r  
longer per iods than when the  corresponding para-der iva t ives  were used. This 
r e s u l t  was a t t r i b u t e d  t o  the  polymer s t r u c t u r e  r e s u l t i n g  from the  geometry of 
the  meta isomer, Since the  thermal s t a b i l i t y  of the  polymer der ived from m- 
phenylenediamine was of the  same order of magnitude a s  t h a t  of the  para poly- 
mer, cons idera t ion  was given i n  t h i s  s tudy t o  the  use of the  isomeric reagents  
not  only of the  diamine but  a l s o  of the  dialdehyde. Thus, four  isomeric poly- 
mers a r e  poss ib le  by r eac t ing  meta- o r  para-phenylenediamine with the  meta- 
o r  para-arylene dialdehyde. I n  naming such polymers, the  isomeric name of t he  
amine w i l l  be used f i r s t ,  thus:  
(n) m-Ar'(WH2)p + (n) m-Ar'(CHO)2 H2#NAr'N=HCAr'CH%0 + (2 n-1) H20 
meta-mete polymer (eq. 2) 
(n) m-Ar'(NHp)p + (n) p-Ar'(CHO)p H 2 f N A r ' N = H C A r ' C H q  i- (2 n-1) H20  
3) mete-para polymer 
(n) p-Ar'(NH2)2 + (n) m-Ar ' (CH0)2 -3 H2fNAr'N=HCAr''CH* + (2 n-1) H20 
para-meta polymer (eq* 4) 
(n) p-Ar'(NH2)2 + (n) p-Ar'(CHO)2 H f N A r ' N = H C A r ' C H q  + (2 n-1) H20 
para-para polymer 5 )  
Accordingly the  four  reac t ions  of equat ions 2-5 were inves t iga t ed  and the  
condensations were performed i n  so lu t ion  and as melts. 
A. A Two-step Synthesis .  
The benza lan i l ine  obtained as t he  by-product of t he  bis-exchange method 
is respons ib le  f o r  t he  polymer remaining i n  so lu t ion .  lm4 This l e d  t o  consi- 
de r fng  i ts  use as a solvent i n  the d i r e c t  condensation of diamines and d ia lde-  
hydes. This  reaction can be written as 
2 
C 6H5N'CHC SH5 
n Ar ' (NHZ)z + n Ar'(CHO)2 > 
H2+NAr'N=HCArtCHW n + (2 n-1) H20 ( w e  6) 
This method would involve a two-step synthes is ,  namely, 
(1) The prepara t ion  of benzalani l ine (IV) from a n i l i n e  and benzaldehyde, 
(2) The condensation of the  diamine with the  dialdehyde i n  the presence 
of a s u i t a b l e  quan t i ty  of benza lan i l ine  t o  form polymer (111) and 
t o  recover benza lan i l ine  (IV). 
B, A One-Step Synthesis .  
I n  order  t o  s impl i fy  the  two-step syn thes i s  even f u r t h e r ,  i t  was bel ieved 
t h a t  the  separa te  prepara t ion  of benza lan i l ine  could be avoided by using 
s to ich iometr ic  q u a n t i t i e s  of a n i l i n e  and benzaldehyde a s  the  r eac t ion  medium. 
I n  t h i s  most d i r e c t  method, the  four reagents ,  namely, the  diamine, t he  d i -  
aldehyde, the  a n i l i n e  and the  benzaldehyde would be reac ted  toge ther  i n  a 
s i n g l e  s t e p ,  f o r  which the  reac t ion  can be w r i t t e n  as 
n Ar'(NH2)2 + n Ar'(CHO)2 + m-ArEJH2 + m-ArCHO 4 
ArCH+NAr'N=HCArCH+NAr + (m-1) ArN=HCAr + (2 n+m) H20. (eq. 7) 
In t he  syn thes i s  given i n  equation 7 ,  equimolar q u a n t i t i e s  of the  dialdehyde 
and diamine would be used. 
equimolar q u a n t i t i e s ;  bu t  the ra t io  of diamine-dialdehyde to  anil ine-benzaldehyde 
Aniline and benzaldehyde would also be used i n  
can be var ied ,  if required.  
XI ExPerimental . 
A. Material. 
The m a t e r i a l s  used were c- ta ine 
when necessary,  before  use. 
from commercial sources and p u r i  Led, 
Terephthalaldehyde and isophthalaldehyde were purchased from Aldrich 
Chemical Company; a n i l i n e ,  m-phenylenediamine and p-phenylenediamine were 
3 
obtained from Matheson, Coleman and B e l l  Divisidtr of t he  Matheson Company. 
Benzaldehyde was  purchased from J.T. Baker Chemical Company. 
was high p u r i t y  lamp-grade ni t rogen purchased from the  Cleveland Wire Divis ion 
of the  General E l e c t r i c  Company. 
, 
The n i t rogen  used 
1. Anil ine.  
Reagent grade a n i l i n e  was vacuum-disti l led through an eighteen-inch 
column packed with g l a s s -he l i ces  and equipped with a p a r t i a l  take-off head. 
D i s t i l l a t i o n  was performed under ni t rogen using a c a p i l l a r y  b leeder  a t  a re- 
f lux  r a t i o  of s i x  t o  one. 
co l l ec t ed ,  and s to red  under ni t rogen i n  a brown ground-glass stoppered b o t t l e .  
The middle f r a c t i o n  bo i l ing  a t  8 7 O C / 2 4  mm. was 
2.  Benzaldehyde. 
Reagent grade benzaldehyde was vacuum-disti l led through an eighteen-inch 
column packed with g l a s s -he l i ces  and equipped with a p a r t i a l  take-off d i s -  
t i l l a t i o n  head. 
b leeder ,  a t  a r e f l u x  r a t i o  of s i x  t o  one. 
76.S°C/21 mm. was co l l ec t ed  and s tored  under n i t rogen  i n  a brown ground-glass 
s toppered b o t t l e .  
D i s t i l l a t i o n  was performed under n i t rogen ,  us ing  a c a p i l l a r y  
The middle f r a c t i o n  b o i l i n g  a t  
3. meta-Phenylenediamine. 
The commercial grade diamine was very impure and it was p u r i f i e d  by d i s -  
t i l l a t i o n  a t  reduced pressure i n  a n i t rogen  atmosphere. 
was c o l l e c t e d  and melted a t  62-63OC. 
i n  a brown ground-glass stoppered b o t t l e .  
The middle po r t ion  
The diamine was s to red  under n i t rogen  
4. para-Phenvlenediamine. 
The cammercial grade was very impure and it  was p u r i f i e d  by d i s t i l l a t i o n  
The melt ing poin t  of the  puri-  a t  reduced pressure  i n  a n i t rogen  atmosphere. 
f i e d  para-phenylenediamine was 139OC. 
i n  a brown ground-glass stoppered b o t t l e .  
The diamine was s to red  under n i t rogen  
4 
5. Terephthalaldehyde. 
The reagent grade terephthalaldehyde was r e c r y s t a l l i z e d  from d i s t i l l e d  
water and d r i ed  i n  a vacuum oven a t  room temperature a t  15 mm. Hg. It melted 
sharp ly  a t  116OC. 
6 .  fsophthalaldehyde. 
The purchased reagent grade isophthalaldehyde melted sharply a t  89.5OC 
and was used without fu r the r  pu r i f i ca t ion .  
7. Benzalanil ine .  
Benzalani l ine was prepared and p u r i f i e d  by procedures previously 
1 reported.  
8 .  Polvmerizat ions.  
1. Solu t ion  Polymerizations @A-45-3). 
I n t o  a 500-ml. three-neck, round-bottom f l a s k  equipped with a water con- 
denser ,  a Dean-Stark t r a p  and a magnetic stirrer was placed 250 ml. of benzene 
and 0.02 mole of the  appropr ia te  diamine. 
0.02 mole of the  dialdehyde i n  150 m l .  of benzene was added, dropwise, t o  the  
Af te r  hea t ing  the  mixture t o  r e f l u x ,  
ho t  diamine so lu t ion .  The reac t ion  mixture was ref luxed fo r  twenty-four hours 
and t h e  azeotroped water co l lec ted  i n  the  Dean-Stark t r ap .  During the  r eac t ion ,  
the  polymer appeared a s  a p r e c i p i t a t e ;  when water was no longer  c o l l e c t e d  i n  
the  t r a p ,  the  mixture was cooled t o  room temperature and the  p r e c i p i t a t e  re- 
moved by f i l t r a t i o n ,  washed with hot  benzene and d r i ed  i n  a vacuum oven a t  
room temperature. 
The four polymers, namely, the para-para,  para-meta, meta-meta and mete- 
pa ra  polymers were i n  the form of yellow, inso luble ,  low molecular weight br ick-  
d u s t s ;  
aldehydes,  amines or both. 
they appear t o  be mixtures of  dimers and t r imers  whose end-groups a r e  
The ana ly t i ca l  da t a  is given i n  Table I. 
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# 
% C  
74.93 
75.28 
74.21 
Table I 
Analyses of Isomeric Low Molecular Weight Polymers 
% H  % N  
5.24 15.43 
5.64 15.54 
5.76 15.60 
Polymer 
para -para 
1 para-meta 
meta-meta 
mete-para 5.53 I I 74.76 
% 
Y i e l d  
15.66 
_ _  ~~~ 
98.4 
84.3 
91.2 
82.6 
* P e r  cent ca lc 'd  for  
C22H20N40 : C ,  74.20; H, 5.71; N, 15.70. 
C22H16N202 : C ,  77.60; H, 4.70; N, 8.50 
C20H2iN4 : C, 75.70; H, 6.64; N, 17.65. 
2. Melt Polymerizations of Diamines and Dialdehydes. 
a. meta-Phenylenediamine and Isophthalaldehyde (DA-45-33). 
Pu r i f i ed  m-phenylenediamine (0.54 g . ,  0.005 mole) was ground together  
with isophthalaldehyde (0.67 g.,  0.005 mole) i n  a mortar and p e s t l e .  The mixed 
r eac t an t s  were then t r ans fe r r ed  t o  a 125-nun. r eac t ion  tube equipped with a 
side-arm t o  which was at tached a condenser, vacuum take-off  and rece iver .  A 
n i t rogen  i n l e t  tube was in se r t ed  i n  the  top of the  r eac t ion  m b e ,  and a f t e r  
t h e  oxygen i n  the  system was displaced with ni t rogen gas,  the tube assembly was 
i n s e r t e d  i n t o  an aluminum block preheated t o  300OC. 
a t  t h i s  temperature by means of a proport ional  n u l l  e l e c t r o n i c  con t ro l l e r .  The 
r e a c t a n t s  immediately sof tened but d i d  not m e l t ,  and a c l e a r ,  co lo r l e s s  l i q u i d  
re f luxed  within the  tube.  A small amount of sublimed material was also observed 
in t h e  uppermost por t ion  of the  reac t ion  tube. 
p h e r i c  pressure under n i t rogen  f o r  four hours. 
t o  5 mm. Hg and hea t ing  continued f o r  another  t w o  hours a t  300%. 
The block was cont ro l led  
Heating was continued a t  atmos- 
Then the  pressure was reduced 
A porous, 
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black polymer (0.993 g., 96.?% yield), was obtained i n  the  lower por t ion  of 
the  r eac t ion  tube toge ther  with some yellow condensate on the  wal l s  of t he  
upper por t ion  of the  r eac t ion  tube. 
b. para-Phenylenediamine and Isophthalaldehyde (DA-45-35). 
The procedure of DA-45-33 vas repeated except t h a t  para-phenylenediamine 
was s u b s t i t u t e d  f o r  meta-phenylenediamine. No melting of the  r eac t an t s  was 
observed, and the  co lor  of the  mixture changed from a b r i l l i a n t  yellow t o  an 
o l i v e  shade a f t e r  hea t ing  f o r  one hour a t  300OC. Heating was continued f o r  
another  four hours a t  3OOOC a t  atmospheric pressure ,  and then the  pressure  
reduced t o  1 m. Hg. After  heat ing f o r  another  two hours,  the  polymer (0.935 g., 
91% y i e l d )  was removed from the  reac t ion  tube;  the  bottom of the  polymer mass was 
shiny black,  and the  i n t e r i o r  was greenish-brown and not  fused t o  the  ou te r  
s u r  face.  
c. cneta-Phenvlenediamine and Terevhthalaldehvde (DA-45-37). 
The procedure of DA-45-33 was repeated except t h a t  terephthalaldehyde was 
s u b s t i t u t e d  f o r  isophthalaldehyde. The r eac t an t s  d id  not  melt although the  
s o l i d  darkened gradual ly  and some white-yellow condensate appeared a t  the  top 
of t he  r eac t ion  tube. Af te r  heat ing f o r  four hours a t  300°C, the  pressure  was 
reduced t o  1 mm. Hg. and he ld  there  f o r  a period of two hours .  
(0.831 g., 85% y ie ld )  was porous and brown on the  top,  black on the  bottom and 
i n  the i n t e r i o r .  
The polymer mass 
d. para-Phenylenediamine and Terephthalaldehyde (DA-45-38). 
The procedure of DA-45-37 was repeated except t h a t  para-phenylenediamine 
was used in s t ead  of meta-phenylenediamine. 
t h e y  changed gradual ly  t o  a yellow-brown color and some yellow oondensate 
formed a t  the top of the reac t ion  tube. 
The reac tan t s  d id  not  melt, although 
Af te r  hea t ing  f o r  four  hours a t  3OO0C, 
7 
a t  atmospheric pressure;  the pressure was reduced t o  1 nan. Hg. and he ld  the re  
f o r  a per iod of two hours.  
on the  top ,  and porous, dark-brown on the  bottom and i n  the  i n t e r i o r .  
The polymer mass (0.883 g . ; . 8 6 X  y ie ld )  was l i g h t  brown 
None of the  polymers obtained by the  d i r e c t  r eac t ion  of any of the  p a i r s  
of the  isomeric diamines w i t h  the  isomerlc dialdehydes wereshomogeneous thraugh- 
out .  
t i b l y  when reac ted  a t  30O0C,and even i n  t h i s  case, a clear m e l t  was not  obtained 
though fusion was apparent.  However, the  meta-diamine/meta-dialdehyde combina- 
t i o n  afforded the  most uniform polymer. 
lymer appeared t o  be more homogeneous than the  para-meta polymer, which i n  
t u r n  was b e t t e r  than the  para-para polymer. 
the  following order:  meta-meta >meta-para) para-meta) para-para. 
Only the  meta-diamineheta-dialdehyde p a i r  of reagents  sof tened percep- 
The meta-diamine/para-dialdehyde po- 
These polymers may be r a t e d  i n  
3. Melt Polymerization of Diamines and Dialdehydes i n  Benzalani l ine.  
The general  procedure used was s i m i l a r  t o  t h a t  used f o r  the  d i r e c t  con- 
densat ion of the  diamine and the  dialdehyde (DA-45-33) ,  except t h a t  the  calcu-  
l a ted  amount of benza lan i l ine  corresponding t o  20% or 33% of t he  t o t a l  weight 
of t h e  r eac t an t s  was added t o  the mixture and ground i n  a mortar and p e s t l e .  
Then the  ground mixture was t ransfer red  t o  the  r eac t ion  tube and heated f o r  
t h r e e  hours a t  300°C before reducing the  pressure  t o  1.5 m. Hg. f o r  an addi-  
tionel hea t ing  per iod of two and one-half hours. The temperature was then in- 
creased t o  400°C and hea t ing  continued a t  1.5 nun. Hg. f o r  e ighteen  hours. 
The condi t ions  i n  these  and i n  the  o the r  following d i r e c t  syntheses  were 
a r b i t r a r i l y  chosen a f t e r  a few preliminary experiments and are not  necessa- 
r i l y  the condi t ions which would produce the  bes t  polymers. 
condi t ions  w i l l  have to  be determined i n  a developmental program. 
purpose of t h i s  s tudy was t o  e s t a b l i s h  whether or not  these new systems would 
The most s u i t a b l e  
The primary 
8 
produce f u s i b l e ,  black polymers which could be converted t o  the  h f u s i b l e ,  
Benzalani l ine 
of Mixture 
0 
20 
33 
higher  molecular weight polymers. 
meta-mete meta-para para -me t a  
96.7% 85.0% 91 .O% 
shiny black black-brown greenish-brown 
no m e l t  no m e l t  no melt 
95.5% 84.2% 86.4% 
shiny black black powdery black powdery 
some melt ing no m e l t  no melt 
105.0% 90.6% 89.8% 
shiny black shiny black shiny black 
m e 1  t m e 1  t m e l t  
I n  those cases  i n  which Senza lan i l ine  comprised 33% of the  mixture,  com- 
p l e t e  o r  p a r t i a l  l i q u i f a c t i o n  of the mixture occurred e i t h e r  on mixing or  on 
hea t ing  the  reagents .  None of the  mixtures  which contained 20% benza lan i l ine  
melted even when heated,  although they sof tened and the  co lor  of the r eac t ion  
mixture darkened rap id ly .  The results of these r eac t ions  a r e  given i n  Table I1 
and compared t o  the  reac t ions  i n  which benza lan i l ine  was omitted.  
Table I1 
E f f e c t  of Benzalanil ine on Yield and Nature of Isomeric Polymers 
from Diamines and Dialdehydes 
% I 1 I  
I para-para 
86.1% 
no melt 
brown 
88 .&% 
no melt 
dark brown powder 
101.2% 
shiny black 
4. Polymerization of Diamine, Dialdehyde. Anil ine and Benzaldehyde. 
a. General Procedure. 
Equimolar q u a n t i t i e s  of t he  diamine and the  dialdehyde were weighed on a 
W t t l e r  Balance t o  the  four th  decimal place,  mixed thoroughly i n  a mortar and 
p e s t l e ,  and t r ans fe r r ed  t o  the  ground-glass r eac t ion  tube' f i t t e d  with a n i t r o -  
gen i n l e t  and a condenser, and the flow of n i t rogen  s t a r t e d .  The se l ec t ed  
8m0~ntS  of benzaldehyde and a n i l i n e  were then introduced i n t o  the  r eac t ion  tube 
9 
by meam of a 0-2 m l .  graduated p i p e t t e .  
aluminum block 
hour a t  t h i s  temperature. 
system and water and benzylani l ine d i s t i l l e d  from the  mixture. 
schedule f o r  the  polymerizations was as follows: 
Then the  tube was i n s e r t e d  i n  the  
already preheated to  12OoC, and the  mixture heated f o r  one 1 
Then the apparatus  was converted t o  a d i s t i l l a t i o n  
The hea t ing  
Temperature , 
O C  
120 
200 
300 
300 
400 
Time , rhours 
4 
18 
: Presaure 
Hg 
atm. 
atm. 
atm. 
1.5 am. 
1.5 m. 
Experiment 
Numbe r 
I n  a l l  cases, a s  shown i n  Table 111, black polymers were obtained; however, 
Per  Cent I 
400 O C  
Mole Rat io  Yield a t  Reactants 
Table 111 
Sch i f f  Base Polymers Prepared by a One-Step Direct Synthes is  
DA-46-72 I m-Phenylenediamine , I 1:l:l:l 131.0 
DA-46-74 1 Isophthalaldehyde, 1:l:l:l 133.0 
, DA-46-48 - 6-49 ! Benzaldehyde. 1:1:3:3 182.0 
DA-46-46 Terephthalaldehyde , 1 :1:2:2 153.0 
DA-46-47 Anil ine ,  1:1:3:3 181.0 
Anil i n e ,  
DA-46-40 m-Phenylenediamine, 1:l:l:l 112.0 
Benzaldehyde. 
DA-46-41 1 p-Phenylenediamine , 
DA-46-44 Isophthalaldehyde, 
1:l:l:l 82.8 
1 :1:2:2 79.4 
1 :1:3:3 113.0 DA-46-54 
I 
Anil ine , 
Benzaldehyde . 
DA-46-55 
DA-46 -53 
p-Phenylenediamine 1:l:l:l 127.0 
Terephthalaldehyde, 1:1:2:2 158.0 
DA-46-42 \ Anil ine,  
! Benzaldehyde . 1 :1:3:3 120.0 
when 1:1:1:1 r a t i o  of r eac t an t s  was used, only the  meta-meta system produced a 
P e r  Cent 
Mole Ra t io  Yield a t  
400 O C  
Experiment 
Number Reactants 
t 
s a t i s f a c t o r y  melt .  The meta-para system was next ,  followed by the  para-meta 
system, and the  para-para system was l a s t .  This  order  p a r a l l e l s  t h a t  found for 
Benzaldehyde . I 
the  syntheses from the  diamine, dialdehyde and benza lan i l ine .  However, a l l  
systems produced good melts  and shiny, black polymers when the  r a t i o  of reac- 
t a n t s  was a t  l e a s t  1:1:2:2. Ratios intermediate.  t o  l : l . ;J: l- l :$:2:2,  for exam- 
ple ,  l : l : l .S:l .S,  were not invest igated.  
The appearance of the  meta-meta polymer ind ica ted  t h a t  t he  amounts of 
a n i l i n e  and benzaldehyde could be reduced below a 1:l r a t i o ,  and t h i s  was i n -  
ves t iga ted .  The lowest r a t i o  s tudied which appeared t o  give s u i t a b l e  melts 
were 1:1:0.5:0.5, and t h e  da ta  given i n  Table IV. 
Table IV 
Pleta-Meta Schi f f  Base Polymers Prepared a t  a 
0.5:O.S Aniline t o  Benzaldehyde Ra t io  
I 1 m-Phenylenediamine, I 1 I 
Benzaldehyde 
rn-Phenylenediamine , 
Te rephthalal  dehyde , 
/i:i:0.5:0.5 1 111.0 1 
Representat ive samples of the polymers prepared a t  4OO0C were powdered I n  
a mortar and p e s t l e ,  then reduced t o  a f i n e  powder i n  a s t a i n l e s s  steel v ib ra to r  
and t r a n s f e r r e d  t o  a quar tz  reac tor ,  which was then swept out  with deoxygenated 
n i t rogen .  
p re s su re  followed by four  hours a t  1.5 mnr. Hg. 
The samples were then heated a t  6OOOC f o r  one hour a t  atmospheric 
The weights of each sample 
11 
before and a f t e r  heat ing a t  6OOOC were determined and the  y i e l d s  of polymer 
-~ 
p-Phenylenediamine, 
Isophthalaldehyde, 
Anif. ine  , 
Benzaldehyde. 
Terephthalaldehyde, 
Anil ine  , 
Benzaldehyde. 
p-Phenylenediamine , 
condensed t o  6OOOC ca lcu la ted  Cromthese values a r e  shown i n  Table V. 
~ 
1 :1:1:1 
1:1:2:2 
1 :I :3:3 
1 : 1 : 1 : 1 
1 :1:2:2 
1:1:3:3 
Experiment 
Number 
~~ 
DA-46 - 7 2 -H600 
DA-46-74-H600 
DA-46-48-H600 
DA-46 -49-H600 
DA-46-40-H600 
DA-46-46-H600 
DA-46-47 -H600 
DA-46-41 -H600 
DA-46-44-H600 
DA-46-54-H600 
DA-46-55-H600 
DA-46-53-H600 
DA-46-42 -H600 
Table V 
Yield of Polymers After  Heating t o  600°C 
i 
Yale Ratio 
~~ 
React a n t s  
- ~- 
mihenylened iamine , [ 1 : 1 : 1 : 1 
Anil i ne  , 1 :1:3:3 
Benzaldehyde. 
Per Cent 
Yield a t  
400 O C  
131 .O 
133.0 
164.0 
182 .O 
112.0 
153.0 
181 .o 
82.8 
79.4 
113.0 
127 .O 
158 .O 
120.0 
Per  Cent 
Yield a t  
600 O C  
109.0 
107 .O 
132 .O 
114.0 
67.5 
130.0 
155.0 
70.1 
67.8 
93.0 
101 .o 
68.4 
99.6 
The thermogram of meta-meta polymer, (DA-46-74), prepared from the 1:l:l:l 
r a t i o  of reagents condensed t o  4OOOC is shown i n  Figure 1, and the same polymer, 
@A-46-74-H600), postheated t o  600OC is given i n  Figure 2. 
t h e  para-pare polymer, (DA-46-53), prepared from the  1:1:2:2 r a t i o  of reagents  
condensed t o  4OOOC is shown in  Figure 3, and the same polymer, @A-46-53-H600), 
postheated t o  600OC is  given i n  Figure 4. 
The thermogram of 
In these  thermogramsY3 curve 1 is  f o r  the  polymer heated i n  a ni t rogen  atmos- 
phere,  curve 2 is f o r  the  polymer when recycled i n  n i t rogen  and curve 3 is for the  
recycled polymer heated i n  a i r .  
w i th  thermograms of t h e  meta-para polymers and i n  good agreement with the  
These thennograms are i n  exce l l en t  agreement 
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para-para polymers previously prepared and reported3 as appendices numbers 1, 
3, 7 ,  9 and 55 i n  NASA-Report Number N66-11745. 
111. Summary and Conclusions. 
Previous conclusions have been confirmed, t h a t  (1) the  s o l u t i o n  polymeri- 
za t ion  of an a r y l  diamine with an a r y l  dialdehyde is not a promising method of 
synthes is  of Schi f f  base polymer, and (2) m e l t  polymerizations of these  same 
reagents  i s  l ikewise  unsa t i s fac tory  even though an isomer e f f e c t  is  ev ident .  
Two methods f o r  the  d i r e c t  synthes is  of poly-Schiff  bases from a r y l  diamines 
and a r y l  dialdehydes have been achieved. The f i r s t  method is  a two-step method 
and u t i l i z e s  benza lan i l ine  a s  the  r eac t ion  medium. The ease of syn thes i s  and 
the  amount of benza lan i l ine  required is r e l a t e d  t o  the  s t r u c t u r e s  of the  polymer 
r e s u l t i n g  from the  isomeric s t r u c t u r e s  of t h e  a r y l  diamines which a r e  reac ted  
with the  a r y l  dialdehydes. 
p a r a >  para-para. The second method is an even more d i r e c t  one-step syn thes i s ,  
which has been e s t ab l i shed  by reac t ing  the  diamine, the  dialdehyde, t he  a n i l i n e  
and the  benzaldehyde i n  molar r a t i o s  varying from 1:l:l:l t o  1:1:3:3. 
meta-meta polymers a r e  r ead i ly  prepared i n  a 1:l:l:l r a t i o  and f o r  t h i s  polymer 
t h i s  method shows promise a l s o  at a 1:1:0.5:0.5 r a t i o .  The ease of syn thes i s  
of t he  isomeric polymers p a r a l l e l s  t h a t  found f o r  t h e  r e l a t e d  syn thes i s  using 
t h e  diamine and dialdehyde i n  benza lan i l ine ,  and the  r a t i o  of r eac t an t  1:1:2:2 
is ind ica ted  for t he  meta-para, para-meta and para-para polymers. 
z a t i o n  condi t ions  used in the  two successfu l  d i r e c t  syntheses  were a r b i t r a r i l y  
chosen a f t e r  a few prel iminary experiments and undoubtedly can be improved. 
The diminishing order  i s  meta-meta) meta p a r a >  
The 
The polymeri- 
. 
Thermogravimetric analyses  of some of t he  polymers prepared by t h i s  d i r e c t  
method, i nd ica t e  t h a t  t he  polymers compare most favorably with those previously 
prepared by t he  bis-Schif  f base exchange method. 
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